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ABSTRACT 

A  eapecltlvely  coupled,  rf  glow  discharge  of  silane  In  argon  was 
studied  with  laser  light  scattering  to  deteralna  the  spatial  concentration 
of  saall  particles.  Nult 1-wave length  scattering  profiles  have  been  obtained 
and  are  being  analysed  to  obtain  slsa  distributions  as  a  function  of  spatial 
location.  Very  sharply  defined  particle  toons  can  be  found  under  sons 
plasma  conditions  that  are  spatially  related  to  the  silicon  icon  profiles. 

He  will  report  our  results  and  atteapt  to  qualitatively  describe  how  these 
sonea  relate  to  plasma  chemistry  and  flln  deposition  processes. 

INTRODUCTION 

The  existence  of  particle  light  scattering  In  silane  plasmas  Is  a 
recognised  phenomenon  [1,2,3]  that  has  yet  to  be  understood  and  correlated 
with  flln  formation  properties.  In  this  paper,  we  present  results  fron 
spatially  resolved  studies  of  particle  light  scattering  In  s  capadtlvely  v 

coupled  rf  glow  discharge  of  silane.  He  have  aade  an  earlier  report  [4]  on 
our  light  scattering  results  and  In  this  paper  we  will  briefly  summarise 
those  results  and  provide  new  data  on  particle  light  scattering  and  Its 
relation  to  silicon  atom  fluorescence  signals. 

The  apparatus  la  Identical  to  the  system  described  In  our  accompanying 
paper  [3].  He  have  used  both  500.0  and  251.4  nn  radiation  In  various  Inde¬ 
pendent  light  scattering  experiments,  but  without  a  direct  comparison  in 
the  same  experiment.  The  scattered  light  was  detected  at  90*  through  a 
monochromator  and  the  Input  polarisation  optimised  the  scattered  light 
Intensity  when  It  waa  perpendicular  to  the  plane  containing  the  Input  and 
scattered  rays.  The  scattered  Intensity  was  a  great  deal  larger  than 
atomic  emission  fron  silicon  aeons  which  was  slso  excited  simultaneously  In 
some  experiments  at  251.4  no.  It  waa  possible  to  use  the  resolved  fluores¬ 
cence  emission  line  at  252.85  ns  to  study  fluorescence  without  Interference 
from  large  light  scattering  signals  at  the  251.43  nn  excitation.  Polarised 
light  scattering  could  also  be  rejected  by  proper  polarisation.  The  else 
of  the  Brawoter  angle  windows  prevented  a  complete  spatial  scan  between  the 
electrodea  when  wm  optimised  the  laemr  polarisation  to  maxliise  the  light 
scatter  detection  so  that  we  only  show  scattering  for  regions  near  the  two 
electrodes.  The  ground  electrode  la  labeled  at  position  xero  and  the  rf 
electrode  Is  labeled  ae  position  22  an  In  the  following  figures. 

RESULTS 

A  typical  light  scattering  result  Is  shown  In  figure  1.  This  figure 
shows  light  scattering  with  500.0  na  radiation  of  10  ns  duration  and  a  easi¬ 
n'*  energy  of  0. 1-0.2  ml.  The  focal  spot  slsa  was  -  0.1  an  dlanacar  and  -- 

s cattaring  from  the  electrodes  only  occurs  In  the  closest  0.25  an  tone,  '  » 

which  la  excluded  fron  the  following  figures.  The  discharge  conditions  of  ■ 

figure  1  were  SZ  SIHg  In  argon,  3  W  in  power,  and  a  pressure  of  0.50  torr.  1  *n 

The  electrodea  have  unequal  areas  because  of  a  ground  screen  confining  the  V 

plasma  and  a  bias  of  -40  V  builds  up  on  the  cathode.  These  discharge  con-  v  » 

dltlona  yield  e-SliB  film  having  typical  IE  absorbance  features.  _ "  " 
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Figure  1: 
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Ugltc  scattering  tlgnal  far  500  nm  excitation.  Flow  ratea  of 
allaaa  wore:  A  -  15  seem,  •  -  *0  icca,  C  -AS  ecea. 


The  eeacceclog  signal*  In  figure  l  shew  qualitative  differences 
between  the  anode  (electrical  ground)  and  cathode  (rf  electrode)  for  any 
given  flow  rate.  The  Intensity  of  scattering  la  normalized  in  figure  1,  but 
the  Intensity  la  greater  at  the  cathode.  The  apatlal  extent  of  acatterlng 
la  ouch  leaa  at  the  cathode  than  the  anode,  and  both  electrodes  show  light 
acatterlng  at  close  dlataacae  (-  1  me)  from  the  electrode  surfaces.  In 
addition,  substructure  can  be  seen  In  the  large  peek  near  the  anode.  As 
demonstrated  la  earlier  work  (A),  the  location  of  the  oela  scattering  peaks 
is  quite  dependent  on  the  pressure  for  a  given  flow  rate  and  sole  fraction 
of  SIN*.  This  offset  shows  a  correspondence  with  the  expected  behavior  of 
plasma  sheaths  [4,61.  The  large  light  acatterlng  peak  at  the  cathode  shows 
a  constant  product  of  electrode  displacement  distance,  d,  and  the  pressure, 
p,  of  1.00  t  .OA  an  tort  over  the  range  0.6  to  0.3  torr  [A],  ue  have  inter¬ 
preted  this  behavior  as  demonstrating  the  Importance  of  the  Ion  sheath  boun¬ 
dary  In  defining  a  tone  for  particle  growth.  In  this  paper  ws  will  present 
more  data  to  further  understand  the  existence  of  the  sharp  spatial  profiles. 

The  data  In  figure  1  show  pertlclo  scattering  for  several  flow  rates  at 
constant  pres aura  and  aele  fraction.  Additional  dots  with  flows  so  low  as 
25  seem  confirm  a  dramatic  dependence  of  particle  light  scattering  olgnel  on 
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Flaura  2:  UghC  acactarlng  for  251.4  excitation.  Nolo  fraction*  of  allona 
In  organ  warn:  A  -  0.45X,  B  -  0.3X,  C  -  0.2X,  0  -  0.1X,  B  - 
O.OSX.  Tha  praaaura  aaa  0.50  eorr  ae  $0  ace*  flow  and  a  powar  of 
3V.  Tha  curve  I  a  how*  no  algnal  abova  tha  nolaa. 


flow  raca.  Tha  light  acactarlng  algnal  Incraaaaa  nearly  logarlthalcally 
with  daeraaalng  flow  rata.  Flow  rat*  ehangaa  alao  affact  tha  pot l cion  and 
lntanalty  of  light  acactarlng  algnala  from  tha  anal la r  pa aka  cloaar  to  tha 
alaecroda  nor*  than  tha  larger  paaka. 

Tha  origin  of  a harp,  acactarlng  pooka  can  ba  farther  underacood  by 
pragraaalraly  reducing  tha  aola  fraction  of  (liana  to  a  Unit  whor*  no  oeat- 
tarlng  can  bo  oboarrad.  On*  goal  of  thaa*  acudlaa  waa  to  identify  a  pertur¬ 
bation  Halt  where  tha  dlacharge  paraaetara,  aueh  aa  the  alactron 
diacrtbatlon,  are  doalnatad  by  argon.  Vhen  allana  nolo  fraction*  ara 
daeraaalng  fraa  8  to  0.3X,  there  la  an  Inert  aaa  of  particle  peat caring 
algnal  with  lUtl*  change  In  the  qualitative  feature  of  paakad  light  acat- 
cartng,  oucape  that  below  2X,  tha  aharpnaaa  of  the  peak  la  reduced  on  the 
aid*  toward  the  uiddl*  of  tha  dlacharge.  Tha  prograaalve  change*  at  aola 
fractloaa  below  0.3X  ara  ahown  In  figure  2  for  the  anode  aid*  of  the 
dlacharge.  Thla  data  waa  obtained  with  231.4  na  light  acattarlng  In  order 
to  track  SI  arena  and  acactarlng  In  taceaaalv*  acana  by  aarely  changing  tha 
docactlon  wave length.  The  photomultiplier  gain  for  tha  atom  fluoroacanc* 
algnal  wan  12  tlaa*  larger  thaa  tha  light  acattarlng  algnal.  Tha  change 
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Ftgiira  3:  Light  scattaring  and  silicon  atoa  f luorascanc*  (ar  231.4  ■  excite 
elan.  Conditions  ss  la  figure  2.  3a.  Tho  light  sestttrlng  Is 

cam  A  and  atoa  f luoraacanca  la  curve  I.  SI lan*  aola  fraction  of 
0.2Z.  3h.  The  aliens  aola  fraction  of  0.43X  has  cure*  A  for 
scattering  and  S  for  atoa  f luoraacanca.  The  silane  aola  fraction 
of  0.05Z  ha*  cure*  0  for  scattering  (non*  observable)  and  C  for 
atoa  fluorascanc*. 

froa  0.4SZ  to  0.3Z  silane  show  In  figure  2  shows  a  progressive  dlalnutlon 
of  the  peak  (data  at  0.4Z  and  0.33Z  ar*  not  shown).  Tha  data  for  0.2Z  and 
0.1Z  silane  both  show  a  wall  defined  peak  at  3.3  an  that  on  an  expanded 
seals  la  -  47  class  saaller  chan  tha  peak  for  0.43Z.  Tha  signal  at  0.03Z 
s liana  shows  no  scattering  features,  which  as  ana  chat  asp  scattaring  signal 
la  less  than  -  700  tlaas  the  large  peak  for  0.43Z  (our  current  noise  Halt). 

The  preceding  figures  reinforce  the  leportanc*  of  particle*  In  rf 
plaoaae  of  silane.  The  dlraec  relationship  of  these  particles  to  the 
creation  of  allleon  atoaa  waa  discussed  In  our  accoopanylag  paper  1 3] .  Tha 
coaparlsoa  of  apodal  profiles  of  silicon  atoa  concentration  and  particle 
'light  scattering,  yield*  soae  new  Insight  into  the**  signals.  Flgurg  3a 
shows  light  scattering  and  silicon  atoa  concentration  for  0.2Z  silane.  Both 
signals  show  a  snail  peak  at  the  3.3  ea  point  that  la  tentatively  postulated 
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u  eh*  ion  sheath  bomidicT.  The  0.3X,  0.2Z,  and  O.IX  curve*  show  vary  simi¬ 
lar  behavior  (or  particle  scattering  and  atomic  signals,  although  coup l* t* 
•pactal  acana  would  bo  noodod  to  achieve  curvature  couparlaon*  by  normal* 
ixatloo  o(  the  data,  la  contrast,  figure  3b  a  how*  couparlaon  at  M51  aod 
0.03Z  a liana  that  exhibit  a  divergence  between  allicon  atou  apaelal  profllea 
and  light  acatterlng  apodal  profllea.  Qualitatively,  we  conclude  that 
apatlal  acana  ahow  a  good  apodal  correlation  of  alllcon  atou  algnala  with 
particle  light  acatterlng  at  mole  fractions  greater  than  2Z  and  leae  than 
0.3X  (except  for  the  llnlelng  behavior  at  O.OSX).  The  two  procaoaea  of 
creaelng  atone  by  particle  abeorpdon  and  acatearlng  laaer  light  probably 
probe  two  different  aapeeta  of  the  particle  dlatrlbutlon  which  nay  account 
for  different  apatlal  dlatrlbutlona  at  a on*  uola  fraction*. 

The  experlnental  study  of  light  acatterlng  with  abort  duration  pulaed 
laaer*  doe*  ahow  a  linear  power  dependence  for  particle  light  aeattarlng 
done  with  300.0  ra*  and  a llano  concentration*  of  3X.  The  corresponding  power 
atudy  ha*  yet  to  be  dona  la  the  ultraviolet,  and  a  two-color,  ewo-laaar 
experiment  la  being  planned  to  aeparate  the  effect*  of  probe  power  fron 
laaer  power.  Tentatively,  the  demonstration  [51  of  a  linear  dependence  of 
alllcon  atou  signal  on  laser  energy  at  powers  above  a  threshold  region  la 
interpreted  aa  particle  absorption  followed  by  atou  separation.  The  linear 
dependence  of  the  light  acatterlng  signal  extends  to  low  power*,  which 
suggeecs  that  gross  particle  fragneneaelon  Into  saaller  particles  la  not 
important  for  this  wavelength  and  power  ranges  that  are  ton  times  larger 
chan  the  ultraviolet. 


OISCUSSION 

The  concepts  of  pardele  nucleatlon  and  growth  can  be  qualitatively 
applied  to  our  observations.  The  composition  of  the  particles  is  not  yac 
known,  buc  we  will  us*  a  working  hypothesis  ehat  electron  and  hydrogen  atom 
i apace  serve  to  reduce  the  hydrogen  concent  of  a  growing  particle  to  yield 
SlqHq  with  n/n  <  l.  The  hydrogen  concent  of  particles  could  well  be  reducsd 
under  sous  conditions  Into  the  range  achieved  by  surface  processes  involved 
in  amorphous  film  formation,  although  proof  of  particle  couposltlon  awaits 
extension  of  our  experiments. 

The  data  In  figure  2  that  show  spatial  changes  of  particle  light  scat¬ 
tering  with  note  fraction  of  allan*  is  compatible  with  general  concepts  of 
nucleatlon  and  growth.  The  lowest  mole  fraction  of  0.05X  has  negligible 
light  scattering  at  our  current  limit  of  detection,  yet  0.0 1Z  silane  shows 
particle  scattering  In  the  alddla  of  the  bulk  plasma.  This  observation  is 
compatible  with  achieving  sufficient  radical  concentrations  to  allow  nucle- 
atlon  and  growth  of  particle*  la  conpstlton  with  destruction  by  electron 
Impact.  *  full  apatlal  profile  extending  to  the  cathode  la  needed  to  examine 
the  Importance  of  electrode  asymmetry  In  the  nucleatlon  process.  It  is 
possible  that  larger  eloctron  densities  and  energies  ae  the  cathode  are 
responsible  for  Initiating  nucloatlon.  Independent  of  the  question  of 
spatial  origin  of  nucloatlon,  figure  2  shows  that  successively  Increasing 
mol*  fractions  of  silane  Increase  the  light  scattering  intensity  and  apatlal 
extent  la  the  bulk  plasma  and  also  erase*  a  small  acatearlng  signal  ae  the 
postulated  location  of  the  loo  sheaths.  If  we  recognise  that  the  electron 
energy  distribution  may,  have  high  energy  components  at  the  ion  sheath  boun¬ 
dary,  than  a  second  process  of  nucloatlon  and  growth  ean  easily  be  initiated 
at  the  ion  sheath.  The  increasing  dominance  of  particle  Ughe  scattering  at 
the  sheath  boundary  with  increasing  allan*  mole  fraction  can  bo  seen  in  the 
transition  from  0.3X  and  0.43X.  Understanding  this  transition  requires  both 


models  and  more  Information  on  dumber  density  versus  tlza.  Tha  light  •  cat- 
taring  algnal  for  partlela  alzaa  below  tha  Mia  particle  Hale  <-  40  ita)  la  a 
a  tap la  produce  of  number  density  and  tha  aquara  of  parelcla  volume.  Tha 
rapid  ehaaga  In  aeaeearad  algnal  acrangth  at  tha  ahaaeha  la  aoat  likely 
corralacad  with  rapid  growth  to  largar  alaad  partlclaa.  tf  thla  la  tha  caaa, 
than  tha  ahaath  boundary  bacoaaa  tha  aoat  laportant  location  for  particle 
growth  bacauaa  tha  parelcla  daacrucelon  raee  bacoaaa  auch  aaaller  than  tha 
radical  craaelon  and  partlela  growth  raeaa  ae  auffclantly  largo  radical 
conceneratlona.  Once  a  larger  particle  alia  distribution  la  aaeahliahad.  It 
can  chan  grow  preferentially,  aa  aeon  by  tha  draaatlc  change  la  acaetarlng 
lncenalty  with  flow  raeaa  (figure  1).  He  are  beginning  to  foraulace  parelcla 
growth  aodala  baaed  on  ehaaa  qualitative  ldaaa  and  experimental  raaulta.  Maw 
exparlaanca  to  deteralne  particle  alxaa,  coapoaltlona,  and  nuabar  denaltlaa 
will  be  crucial  far  coating  aodala. 

Tha  obeervaelen  of  allleon  acoa  craaelon  by  parelela  abaorpclon  of 
pulaad  laaar  radiation  la  potentially  a  vary  uaeful  probe.  While  our  current 
undaratandlng  of  thla  linear  energy  abaorpelon  proceaa  need*  aora  exparlaan- 
tal  ref lneaenc,  we  can  propoaa  two  new  appllcaelona  for  the  procaaa.  One 
experiment  will  uaa  tha  wavelength  dependence  of  abaorpelon  eo  probe  parelcla 
coapoaltlon  by  ualng  the  efficiency  of  atoa  creation  aa  a  probe  of  electronic 
abaorpelon.  Another  exparlaanc  could  uaa  the  aachanlaa  of  partlela  abaor- 
plcon  to  probe  parelcla  site  dlaerlbutlona  and  nuabar  denaley  aa  a  function 
of  spatial  locaelon.  Thla  technique  depends  on  tha  ultlaate  eorrectnasa  of 
tha  conjectured  abaorpclon  aachanlaa  aa  being  proportional  Co  a  produce  of 
particle  nuabar  danalty  elaaa  partlela  voluaa.  Thla  reaaonable  abaorpclon 
■achanlsa,  coablned  with  the  particle  scattering  efficiency  as  a  produce  of 
nusber  density  and  voIusm  squared,  can  be  used  In  staple  ratios  to  Identify 
special  profiles  of  parelcla  sixes  and  nuaber  density.  Further  experimental 
and  theoretical  work  will  be  necasary  to  establish  the  ultimate  promise  of 
these  proposed  techniques. 
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